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Abstract 
The purpose of this work is to develop the search technique of optimal operation procedures for rolling bearings during their 
condition diagnostics. From the perspective of completing the task for a condition assessment the operation procedure providing 
minimum diagnostic errors (machinery condition identification error) is considered optimal. The regularities obtained by the 
developed technique were tried and tested and taken as the basis of the diagnostic technique. Such technique is implemented in 
modern means, particularly in bench systems of rolling bearings diagnostic. 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Rolling bearings are the most popular and important components of the modern machine industry. Performance 
reliability depends not only on the rolling bearings condition but on technology-related safety of the process in 
which machinery are involved [1]. 
The most effective technique which allows determining incipient and developed defects of rolling bearings is 
vibration acoustic technique of non-destructive testing [2]. 
The rolling bearings operation is related to the change of rotating frequency in a wide range, axial and radial 
loads. In order to assess the machinery condition with the vibration acoustic technique properly, it is required to 
determine optimal operation procedure of rolling bearings during diagnostics (rotating frequency, axial and radial 
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loads). The operation procedures may be different for the various types of bearings. It should be considered that the 
variation of specified parameters may be possible only in a narrow range, since the operation procedure of the 
bearings during the observation may be limited by the company’s damage prevention conditions. The purpose of 
this work is to develop the search technique of optimal operations procedures of rolling bearings to assess the 
condition during the diagnostic.  
To achieve the purposes of work, the following tasks should be completed: 
-to develop the observation technique that allows determining the impact of axial and radial loads on the 
vibration parameters levels of rolling bearings; 
-to determine a criterion of the operation procedure of the bearings during diagnostics. 
2. Methods and study subject 
According to the machinery condition assessment task, minimum diagnostic errors (machinery condition 
identification error) are considered optimal. In this case the bearing condition is a quality factor, while the 
operations procedures parameters are the quantitative factor.  
Using the experimental design theory techniques allows completing the task of optimal operation procedure 
search [3, 4]. Diagnostic errors or single-valued monotone function are the parameters of the operation optimization. 
Given that the rolling bearings condition is a quality factor and it cannot have fractional values it is advisable to 
assess the regression models empirically. The regression models determine the dependence of diagnostic features on 
parameters of bearings diagnostic procedure in operational or failure condition [5]. 
The subject of the research - a rolling bearing - is given schematically on Fig. 1. 
The arrows on the left X1, Х2, Х3 are the ways (or factors) of having an impact on the bearing: 
- Х1 is the variety of rotating frequencies, min-1; 
- Х2 is the impact of axial load, Н; 
- Х3 is the impact of radial load, Н. 
 
 
Fig. 1 The research subject scheme.  
The arrow on the right is a quantitative factor reflecting the vibration parameters response to the impact: 
)X,X,X(fY 321   (1) 
The functionality measure is a change of vibration parameters level, for example, the total level of vibration 
acceleration. 
It is required to give the factor levels on the initial stage. The impact of the factors is under the research. The 
factor levels are the limits for the field of the research for the particular technological parameter. On the basis of the 
limits of the observation subject, the center of the plan (as shown on the Fig.2 flow-chart) and variation pitch are 
specified by the formula: 
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where 0iX , 
max
iX , 
min
iX  are the values of the considered parameter located in the center of the flow-chat on the 
higher and lower levels respectively, iX'  is the variation pitch. 
Therefore, the scope of the observation may be shown as a cube (Fig. 2). 
 
Fig. 2 Scope of the observation and switch to dimensionless system of coordinates. 
The planning matrix of full factorial observation is used as the plan of the research. The matrix is N = 23, where N 
is number of observations, 3 is number of factors, 2 is number of levels. 
The planning matrix is shown in Table 1. 
 
Table 1 The observation planning matrix. 
Obse
rvati
on 
No. 
f, 
min-1 
Axial load, kgf Radial load, kgf x0i x1i x2i x3i x1ix2i x1ix3i x2ix3i x1ix2ix3i yi 
1 
min
1X  
min
2X  
min
3X  1 -1 -1 -1 1 1 1 -1 y1 
2 
max
1X  
min
2X  
min
3X  1 1 -1 -1 -1 -1 1 1 y2 
3 
min
1X  
max
2X  
min
3X  1 -1 1 -1 -1 1 -1 1 y3 
4 
max
1X  
max
2X  
min
3X  1 1 1 -1 1 -1 -1 -1 y4 
5 
min
1X  
min
2X  
max
3X  1 -1 -1 1 1 -1 -1 1 y5 
6 
max
1X  
min
2X  
max
3X  1 1 -1 1 -1 1 -1 -1 y6 
7 
min
1X  
max
2X  
max
3X  1 -1 1 1 -1 -1 1 -1 y7 
8 
max
1X  
max
2X  
max
3X  1 1 1 1 1 1 1 1 y8 
 
where x0 is fictitious variable needed for calculating the free terms of the regression equation; x1x2, x1x3, x2x3 are 
the pair wise interaction factors effects; x1x2x3 are the triple interaction effects; y1, y2…yi output parameters response 
to the change of factors levels.  
Thus, we need to conduct 8 observations with the combination of factors values specified in the planned matrix. 
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In order to examine the significant factor of the regression equation obtained via observation data it is required to 
set 4 additional observations in the center of the plan. Particularly, when rotation frequency is 01X  and axial and 
radial loads are 02X , 
0
3X  relatively.  
In order to eliminate the impact of constant errors caused by environmental conditions, it we need to add a 
random sequence of observations. In this regard, it is required to locate 8 observations randomly planned by the 
matrix and 4 replicated observations. To complete this task random numbers table is used. As a result, the sequence 
of the observations may be presented as in the Table 2 below. 
 
Table 2. The sequence of observation work. 
New 
observation 
sequence  
1 2 3 4 5 6 7 8 9 10 11 12 
Planning 
matrix 
sequence 
3 5 10 11 8 7 4 12 2 6 9 1 
 
Therefore, there are 12 combinations of vibration parameters. 
As the plan of full factorial observation is used in the work the regression equation reflecting the dependence of 
output parameters is shown below: 
3211233223311321123322110321 xxxbxxbxxbxxbxbxbxbb)x,x,x(y  , (4) 
Where 0b  is a free term of the equation; 
1b , 2b , 3b  are the linear factors of the regression equation; 
12b , 13b , 23b  are the pair wise interaction factors; 
123b are the triple interaction factors. 
The significance examination of calculated factors is conducted by Student’s test. The validity examination of 
regression obtained is conducted by Fisher’s LSD.  
The surfaces of regression are determined on the basis of the interactions obtained for the different types of 
bearings condition (1 – healthy condition, 2 – failure condition). Functional relationship of the distance between 
these surfaces determines the diagnostic failure according to the )x,x,x(R 321  parameters. 
))x,x,x(y())x,x,x(y(
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Where ))x,x,x(y( 3212V , ))x,x,x(y( 3211V  are the empirical mean-square deviations. 
The values of the parameter levels will correspond to minimum diagnostic errors if the function amounts to 
maximum. While the optimal operational procedures corresponding to function maximum are determined from the 
function’s partial derivative equations equal to zero. 
In accordance with GOST 520 – 2011 “Rolling bearing. General specification” axial load for the 309 rolling 
bearing during vibration diagnostic shall be not less than 35 H. while the axial load optimal for the diagnostic 
purposes calculated according to the present technique shall not be less than 150 H. 
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3. Conclusion 
The present technique allows determining the optimal operation procedures of rolling bearings for the purposes 
of empirical diagnostics. In accordance with the given technique the individual and group regularities for the 
different types, dimensions and brands of bearings were obtained. The regularities were tried and tested and formed 
the basis of the diagnostic technique implemented in modern means – bench diagnostic systems of rolling bearings 
used as a part of the initial inspection.  
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